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Les arguments et les preuves en faveur des decalages non cosmo-

logiques ve r s le rouge, sont r e s u m e s . 

Martin Rees and I have an a lmost impossible task - - to summar ize 
on both sides of the argument the state of affairs in this field, but we 
agreed to t ry and entertain you. 

Let me s ta r t by saying a few words about the f i r s t two days devoted 
largely to the Hubble relat ion and the a t tempts to determine HQ and qQ. 
F rom the wel ter of difficulties I d iscerned faintly that to bridge the 
differing views of the authori t ies we mus t summar ize by concluding that 
H is known (probably) to within a factor of 2 (locally). There seems to be 
a view developing, led p r ima r i l y by de Vaucouleurs, that the value of HQ 

current ly est imated by Sandage and Tamman is too smal l . The method 
which has always appealed to me and c lear ly to Dr . Tamman is to simply 
measure d iameters of galaxies and compare with the size of our Galaxy 
or M31. Hoyle and I once wrote a paper (around I960) doing this using the 
galaxies in the Hercules c lus te r . We were persuaded not to publish it, 
but as I reca l l we obtained a value quite close to Sandage's es t imate at that 
t ime of 75 km sec" Mpc . 

As far as the determinat ion of qQ is concerned, it is c lear that the 
real difficulties involved in determining it have finally been recognized, 
and it is not c lear whether i t s t rue value can ever be obtained. This is 
not because the observational situation will not eventually be c leared up, 
but because of the difficulty of cor rec t ing for uncertain effects associated 
with the evolution of galaxies . 

It does seem to me that a good case has been made for the real i ty 
of the Ford-Rubin-Rober ts effect, and it poses quite a severe problem, 
though Bernard Jones has c lear ly been given the brief by his es tabl ishment 
advisers of explaining it away according to the Pr ince ton-Cambr idge -
Moscow folklore of galaxy formation. 

Now let me turn for the remainder of my talk to the problem of the 
redshifts . Let us s t a r t at the beginning. 
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What i s the n a t u r e of the r edsh i f t p h e n o m e n o n ? We h a v e a l l 
i n h e r i t e d the i d e a s da t ing f r o m w o r k of 40 o r 50 y e a r s ago tha t t h e 
g a l a x i e s a r e a l l r e c e d i n g f r o m us and tha t t he r e d s h i f t s a r e a t t r i b u t e d to 
an expanding u n i v e r s e . With v e r y few e x c e p t i o n s t h i s d o g m a , which s t i l l 
r e m a i n s u n p r o v e n , h a s b e e n a c c e p t e d , and only v e r y r e c e n t l y h a s i t b e e n 
c h a l l e n g e d a g a i n . As you a l l know, Hubble h i m s e l f b e g a n to h a v e doubts 
a s to t h i s i n t e r p r e t a t i o n s o m e t en y e a r s a f t e r h e and H u m a s o n h a d f i r s t 
m a d e the fundamen ta l d i s c o v e r i e s wh ich l ed to the v iew tha t we l ive in an 
expanding u n i v e r s e . His r e a s o n s for doubt ing w e r e d o u b t l e s s unfounded - -
t hey w e r e t i ed to the d i f f i cu l t i e s h e w a s h a v i n g in u n d e r s t a n d i n g wha t we 
would now c a l l the log N - log S r e l a t i o n fo r op t i ca l g a l a x i e s , and w e r e 
a p p a r e n t m o r e than r e a l . 

By then , of c o u r s e , t he d o g m a h a d b e c o m e to t a l l y e n t r e n c h e d - -
p r o b a b l y c o r r e c t l y s o . 

With the d i s c o v e r y of the QSOs the f u n d a m e n t a l q u e s t i o n w a s 
r a i s e d a g a i n , o r i g i n a l l y by T e r r e l l , who not hav ing b e e n educa t ed a s an 
a s t r o n o m e r w a s no t cond i t i oned to t h e i d e a t h a t r e d s h i f t s m u s t a l l b e 
a t t r i b u t e d to e x p a n s i o n . Af te r t e n y e a r s of d i s c u s s i o n of t h e t o p i c , we 
h a v e now c o m e to t h i s s y m p o s i u m . 

S o m e of the b a c k g r o u n d to the s y m p o s i u m i s i t s e l f i n d i c a t i v e of the 
s t a t e of the d i s p u t e . Whi l e ou r F r e n c h h o s t s w e r e v e r y e a g e r to have th i s 
d i s c u s s i o n , t h e r e w a s c l e a r l y g r e a t r e l u c t a n c e on the p a r t of s o m e s e n i o r 
m e m b e r s of the I . A. U . , and in fac t we h a v e two s y m p o s i a , only the second 
of wh ich i s c o n c e r n e d wi th the top ic in q u e s t i o n (and not u n d e r I . A , U . 
a u s p i c e s t e c h n i c a l l y ) . Not only t h a t , e a r l y a t t e m p t s w e r e m a d e to a r r a n g e 
the p r o g r a m so tha t r a d i c a l l y new th ings would not p l ay a s ign i f ican t r o l e 
in t h e p r o g r a m . Whi le t h i s h a s b e e n c o r r e c t e d , s o m e of t h o s e m o s t 
invo lved in the a r g u m e n t , but on the conven t iona l s i d e , h a v e r e f u s e d to 
a t t end and h a v e a t t e m p t e d to l a b e l the s y m p o s i u m a c r a n k a f f a i r . H o w e v e r , 
we a r e m e e t i n g in a c e n t e r r i g h t a c r o s s f r o m a p s y c h i a t r i c h o s p i t a l and 
n e a r to a m a j o r p r i s o n , so r a d i c a l s , b e w a r e ! 

Why a l l of t h i s p r e s s u r e ? B e c a u s e , a s i s a l w a y s t h e c a s e when 
sc ien t i f i c q u e s t i o n s a r e r e a l l y f u n d a m e n t a l , new i d e a s w h i c h , if t hey 
p r e v a i l , wi l l o v e r t u r n the old o n e s , a r e r e s i s t e d by a l l m e a n s , in the 
n a m e of s c i e n c e , but by any m e a n s t h a t c o m e to h a n d . 

What k inds of uno r thodoxy a r e b e i n g p r o p a g a t e d a t p r e s e n t , w h a t 
fol lowing do t h e y h a v e , and wha t we igh t c a n w e r e a s o n a b l y a s s i g n to t h e m ? 

(1) A New T h e o r y of C o s m o l o g y . The m o s t e x t e n s i v e r e c e n t w o r k in 
t h i s d i r e c t i o n i s by S e g a l . H i s c h r o n o m e t r i c t h e o r y i s v e r y h a r d to 
d e s c r i b e p h y s i c a l l y , and I sha l l no t a t t e m p t to do tha t h e r e . The t h e o r y 
p r e d i c t s tha t a t s m a l l r e d s h i f t s t h e r e should be a q u a d r a t i c r e l a t i o n 
b e t w e e n r e d s h i f t s and a p p a r e n t m a g n i t u d e s i n s t e a d of a l i n e a r r e l a t i o n 
and Segal c l a i m s , a s did Hawkins b e f o r e h i m , t ha t the f ield g a l a x i e s and 
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other groups of galaxies follow this re la t ionship, while the l inear relat ion 
for the br ightes t c lus te r galaxies he feels i s meaningless since the 
galaxies a r e chosen in a non-random way. He also c la ims to be able to 
explain the redshift distr ibution of QSOs and the N(m) relat ion in a s impler 
way than is done in the f ramework of the Fr iedmann cosmology. I think 
that Segal has great difficulty in accounting for the origin of the m i c r o 
wave background in his theory and c lear ly there a r e many severe diffi
culties with it. However, I do believe that some attention should be paid 
to his c la im that var ious of the observat ional quantit ies fit be t t e r on the 
theoret ical curves predicted by his me t r i c than they do on those given by 
the conventional theory. Experienced observational a s t ronomer s need to 
look carefully at this work. Until this is done and until the theory is 
explained in physical t e r m s , I do not believe that it can be considered as 
a very ser ious competi tor to conventional theory. 

(2) Various at tempts have been made in recent yea r s to const ruct 
theor ies or scenar ios in which the redshifts do not a r i s e from the 
expansion. In this a r e a we have the work of Hoyle and Nar l ika r in which 
it is argued that it is the m a s s of the par t i c les which changes and is 
responsible for the shifts ( i . e . , it is the Rydberg which is changing), and 
that of Dirac who has rev ised his ea r l i e r theory that the la rge natural 
dimensionless numbers inc rease with epoch. This leads h im to a non-
expanding evolving universe in which continuous creat ion is requi red . 
The redshifts natural ly a r i s e due to the t ime shift - - the fact that the 
objects emitted at e a r l i e r epochs when atomic clocks were s lower. The 
theory appears to be in difficulty as far as the microwave background is 
concerned, because since the number of photons is continuously increas ing , 
the blackbody cha rac t e r is not p r e s e rve d . 

Nar l ikar spoke briefly about the Hoyle-Nar l ikar theory h e r e , and 
again I feel that those ideas a r e worth further investigation. 

The other approach which has been made is a new at tempt by the 
French group to explain the redshift phenomenon by considering a modifi
cation of the theory of weak interact ions so that the photons emitted in a 
strong radiation field will be slightly degraded (redshifted) without being 
d ispersed . It is not c lear to me whether these authors a r e claiming that 
they can explain the whole redshift phenomenon this way, or whether they 
a r e attempting to explain only the d iscrepant redshif ts . 

It is important to rea l ize that only a theory of this type or of the 
type proposed by Hoyle and Nar l ikar could explain the existence of two 
objects close together in space but with very different redshif ts . 

(3) Since 1967 var ious a t tempts have been made to see whether or not 
there a r e any sys temat ic effects in the distr ibution of redshif ts . Initially 
it was claimed that the re was a peak in the absorpt ion- l ine redshifts at 
1. 95 and a peak in the emiss ion- l ine redshifts also at 1. 95(5). This was 
based on a smal l number of objects . A detailed analysis of more than 300 
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emiss ion- and absorpt ion-l ine redshifts by Burbidge and O'Dell in 1972 
strongly suggested that the re is a periodici ty in the distr ibution with 
Az = 0. 031*but the obvious peaks at z = 0. 061 and z = 1. 95 a r e hot s t a t i s 
tically significant. Much of the weight of the 0. 031 resu l t comes from 
emiss ion- l ine N sys tems which a r e c lear ly closely related to the QSOs, 
and for which in mos t cases no s t a r s can be unambiguously shown to be 
p resen t at the emiss ion- l ine redshi f ts . Sturrock and his colleagues have 
repeated the analysis and have disputed the level of significance of the 
r e su l t s . F r o m analyses of l a r g e r numbers of redshifts by Wills and 
Ricklefs and Green and Richstone in 1976, it has been claimed that the 
periodicity has d isappeared. However, Wills and Ricklefs do not give 
their basic data and they also apparently exclude the N sys tems which 
were important in the original ana lys is . In 1971 Kar lsson presented evi 
dence that the l a r g e - s c a l e distr ibution of emiss ion redshifts has peaks 
that form a geometr ic s e r i e s in (1 + z) . He found that (1 + zi+j)(l + zj) = 
1.227 or log [(1 + z^ + j ) / ( l + z.) = 0.0888. His m o r e recent resu l t s con
f irm the ea r l i e r conclusions, the number of redshifts having doubled. The 
peak values corresponding to the s e r i e s a r e 0 .06 , 0 .30 , 0 .60 , 0 .96 , 1.41, 
and 1.96. This es tabl ishes a connection between the obvious peaks at 
0.06 and 1. 96, and also the peaks at 0. 30 and 0. 60 discussed by Burbidge 
and O'Dell. Barnothy (1976) has recent ly found a r a the r s imi la r resul t . 

Tifft has claimed to find ve ry smal l period effects in the redshifts 
of normal galaxies in the Coma c lus te r and perhaps in other c lus te r s as 
well . It seems to me that his r esu l t s for the Coma c lus te r at leas t a r e 
ha rd to refute. 

None of these resu l t s has gained genera l , or even tentative accep
tance . If any t rue periodici ty in the redshifts of the QSOs and emiss ion-
line objects ex i s t s , it a lmost cer ta inly suggests that the redshifts a r e 
in t r ins ic and have a ve ry different origin from those of the galaxies which 
follow the Hubble law. However, it is cer ta inly not ruled out that smal l 
in t r ins ic components exist in normal galaxies . It mus t always be r e m e m 
bered that the redshift that we observe z 0 ^ s is the sum of severa l 
components, i . e. 

(1 + z ) = (1 + z )(1 + z )(1 + z ) 
obs c 1 r 

where z c , z-, z r a r e the cosmological , in t r ins ic , and random motion 
components, respect ive ly . Since we suppose in general that z r « z c , the 
different cases a r e : 

a) If in t r ins ic redshifts a r e la rge in the QSOs, then z^ » z c , 
and z^ » z r , so that zQus °" z . . 

In such a situation even comparat ively smal l , but finite cosmo
logical redshift components z c < 0. 02 would add so much noise that it 
would be very difficult to see peaks or per iodic i t ies in z 0 ^ g . This is why 
I continue to be intrigued by the obvious peaks in the distr ibut ion, even if 
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the s tat is t ical arguments do not necessa r i ly support the idea that these 
a r e r ea l . 

b) The case descr ibed by Tifft is one in which z. °* z r , but 
Zi « z c . In such a situation the effect will only be seen in a c lus te r for 
which z c is the same for all of the galaxies, and z r is a m e a s u r e of the 
random motion of the c lus te r galaxies . 

Probably the only features in the h i s togram of redshifts and 
related objects which the re will be general agreement on h e r e is that 
there is a steep drop off in redshifts beyond about 2. 2 and that there is a 
gross peak which has pe r s i s t ed close to 2 (1. 95) ever since the objects 
were f i rs t d iscovered. (The recent successful at tempts to discover QSOs 
using objective p r i s m techniques will art if icial ly enhance this peak.) 

So far I have discussed theor ies which imply an unconventional 
interpretat ion of the redshif ts , or numerology associa ted with the redshift 
dis tr ibut ions. Real is t ical ly, only a very small minori ty of us real ly feels 
that this work is taking us in the r ight di rect ion, though of course this 
may simply be due to the fact that these ideas a r e p r e m a t u r e . 

More significant a r e the observat ions of var ious types which make 
it p rogress ive ly h a r d e r for all of us to accept without question the cosmo-
logical redshift hypothesis for all c l a s ses of extragalact ic objects . I 
briefly discuss some of these : 

(4) The rapidly varying QSOs and BL. Lac objects, which if they a r e 
at the distances suggested by their redshifts have luminosi t ies coming 
out of very small volumes which give radiation densi t ies which lead to the 
Compton paradox in a much more severe form than it has ever been found 
before. Objects like AO 0235+164, 3C 279 (in i ts outburst in 1937) and 
others a r e emitting at peak power levels > 1 

048 
erg s e c " 1 if they l ie at 

cosmological d is tances , and their maximum sizes based on light t ravel 
t ime arguments a r e < 10 cm. This leads to ext remely severe p r o b l e m s . 
I know of no easy solution. Bringing the objects c lose r is one of the 
eas ier ones. 

These arguments a r e all based on the evidence of rapid light v a r i 
at ions. The radio flux var ia t ions also lead to grea t complicat ions . In 
par t icular there were repor t s at the Cambridge meeting of m o r e QSOs 
showing low-frequency flux var ia t ions . 
(5) VLBI studies of a number of QSOs and related objects like 3C 273, 
3C 279, 3C 345 and 3C 120 were descr ibed by Kel lermann. Chr i s tmas 
t r ee models do not seem to work, and highly re la t ivis t ic expansion with 
all of the attendant difficulties a r e implied unless the objects a r e local . 
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(6) More apparent physical associa t ions between objects with ve ry 
different redshifts have been repor ted . They include: 

a) More associa t ions between comparat ively br ight galaxies 
and QSOs descr ibed by Arp h e r e and by Bolton in Cambr idge . The 
cor re la t ion between the angular separa t ions of galaxies and QSOs, and the 
dis tances of the galaxies (corresponding to approximately constant p r o 
jected l inear separat ions) which was originally found for the 3CR QSOs 
has held up. Bolton added th ree m o r e pa i r s and Arp has added seven or 
eight. 

b) A number of very close pa i r s of QSOs (separat ions < 2') 
have been found by Bolton, Pe t e r son , Wills and Wills (Ap. J. Lett , in 
p r e s s ) . Using about 100 radio QSO candidates they found that about 10% 
of them had a second candidate QSO very close to i t . Spectroscopic 
investigations have shown that in at l eas t five cases both m e m b e r s of the 
pai r a r e genuine QSOs. In none of these ca ses a r e the redshifts the same, 
and in three or four p a i r s they a r e totally different. 

c) Arp has shown us severa l m o r e spectacular examples of 
galaxies with very different redshifts which appear to be associa ted . In 
pa r t i cu la r , the ell iptical with a redshift of ~ 13,000 km s e c " c lear ly 
lying in front of a sp i ra l with a much smal le r redshift was par t i cu la r ly 
i m p r e s s i v e . 

Some resu l t s of this type have been cr i t ic ized because the s t a t i s 
t ical a rguments which have been used to evaluate the significance of the 
resu l t s have been done a pos t e r i o r i . Clear ly this should not be done, and 
has not been in all c a s e s , but I would like to s t r e s s that this method has 
been, and i s , widely used in as t ronomy and is general ly accepted except 
in cases in which the hypothesis under considerat ion has not gained 
general acceptance. A good example is the case of PKS 2251 + 11, a QSO 
which l ies close to a group of galaxies . Gunn and l a te r Wampler and 
Robinson attempted to m e a s u r e the redshift of two of the faint galaxies 
and concluded that at l eas t one of them had a redshift ve ry close to the 
QSO. Then, after the d iscovery and using the observed p a r a m e t e r s , Gunn 
calculated the probabil i ty that this was accidental associa t ion and found 
that it was very smal l . The resu l t was then widely publicized and still 
r emains for many one of the s t rong pieces of evidence for cosmological 
redshif ts . 

In summary it appears to me that the observat ional evidence just 
descr ibed under heading (6) is the s t rongest evidence that we have that 
objects with l a rge non-cosmological redshift components do exis t . Only 
if the surface density on the sky of QSOs is one to two o r d e r s of magnitude 
l a rge r than the es t imates which a r e cur ren t ly used based on the work of 
Sandage and Luyten, can we reasonably argue that apparent associa t ions 
a r e accidental . In any c a s e , in my view the number of accidents is 
becoming embar ras s ing ly l a r g e . 
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The other a rguments I have l is ted a r e suggestive but not always 
compelling. 

Now, of cour se , t he re is evidence on the other side. There a r e a 
number of cases of QSOs close to galaxies at the same redshif ts . There 
a r e also the various continuity arguments which a r e a t t rac t ive to many 
people, and also the studies of the Hubble relat ion for QSOs and the 
corre la t ions d iscussed h e r e by Pe t ros i an . Pe rhaps the re a r e two kinds 
of QSO. This has been suggested in the pas t . If it is the case , it will be 
that much ha rde r to get to the t ruth . 

Finally, I would like to say a few words about the way this kind of 
science is being done. In this field at p resen t you find that with very few 
exceptions, if the a s t ronomer is well known, you know before he speaks 
what position he will take . Even m o r e disturbing, if he or she is not so 
well known, but comes f rom one of the great cen te rs of learn ing , you also 
know once you know where the individual comes from, what his or h e r 
position will be . The field has become a lmost totally polar ized. And the 
obse rvers tend to get the resu l t s that they expect. Many of them cer ta inly 
know what they a r e looking for, and a r e not likely to discover anything 
new. To the few open minded theoret ic ians among you, I would say, 
Beware of o b s e r v e r s , pa r t i cu la r ly optical o b s e r v e r s , bear ing gifts! 

Research in extragalact ic as t ronomy at UCSD is supported in pa r t 
by the National Science Foundation and in pa r t by NASA under grant no. 
NGL 05-005-004. 
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